Abstract
AKT serine threonine kinase of protein kinase B (PKB) family plays essential roles in cell survival, growth, metabolism and differentiation. In the erythroid system, AKT is known to be rapidly phosphorylated and activated in response to Erythropoietin (Epo) engagement of Epo receptor (EpoR) and to sustain survival signals in cultured erythroid cells. Here we demonstrate that activated AKT complements EpoR signaling and supports erythroid cell differentiation in wild type and JAK2-deficient fetal liver cells. We show that erythroid maturation of AKT-transduced cells is not solely dependent on AKTinduced cell survival or proliferation signals suggesting that AKT transduces also a differentiation-specific signal downstream of EpoR in erythroid cells.
Downregulation of expression of AKT kinase by RNA interference, or AKT activity by expression of dominant negative forms, inhibits significantly fetal liver-derived erythroid cell colony-formation and gene expression, demonstrating that AKT is required for Epo regulation of erythroid cell maturation.
Introduction
Protein kinase B (PKB) or AKT is phosphorylated and activated in response to the Epo engagement of its receptor, downstream of the PI3-kinase.
In addition to the regulation of survival, AKT is involved in many fundamental biological processes including the regulation of cell cycle, differentiation and intermediary metabolism and is often activated in human cancers [1] [2] [3] . Activation of the PI3-kinase signaling pathway [4] [5] [6] [7] [8] [9] [10] [11] [12] , alone in the absence of other signaling pathways, may be required and sufficient, under certain conditions, to sustain erythroid cell development 4, 13, 14 . In addition, the PI3-kinase signaling pathway, and AKT specifically, are associated with the pathogenesis of polycythemia vera in which they may play a role [15] [16] [17] .
Here the potential role of AKT kinase in Epo-induced maturation of primary fetal liver erythroid progenitor cells using an in vitro system we previously established 14 was investigated.
Material and Methods

Cells, flow cytometry and erythroid colony assay
Isolation of E12.5 JAK2 -/and E14 wild type fetal liver cells, FACS sorting of TER 119 -(glycophorin A -) cells 18 , enriched for hematopoietic progenitors, and CFU-E colony assay were previously described 14, 19 .
Retroviral transduction
TER 119wild type (E14) and JAK2 -/-(E12.5) fetal liver cells (2 x 10 5 cells/ml) were resuspended in viral supernatants and plated on 60 mm retronectin (chimeric fibronectin peptide, Takara Biomedicals)-coated dishes as previously described 14, 19 in the presence of 100 ng/ml each of Interleukin (IL)-6
and Steel factor (SF) (PeproTech Inc). GFP + cells were FACS sorted the next day and cultured under the same conditions with or without Epo for another 24 hours.
only.
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RNA Interference
Duplices of oligonucleotides were cloned into BglII/HindIII sites of MSCV-U3-H1-plasmid and subcloned subsequently into NotI/ScaI sites of pMSCVpuromycin-IRES-EGFP-U3-H1 plasmid.
Realtime PCR analysis
Real-time PCR was performed in duplicates on LightCycler 2.0 (Roche) using SYBR Green Taq ReadyMix (Sigma) (as in 20 ) . Gene-specific primers were designed to span intron-exon boundary by Primer Express 2.0 (ABI). Relative quantification of gene expression between multiple samples was achieved by normalization against two of endogenous Hprt, βactin and/or L32 using the LightCycler Relative Quantification Software (Roche).
Results and Discussion
Activated AKT Complements EpoR/JAK2 Signaling and Supports
Differentiation of Wild type and JAK2-Deficient Fetal Liver Erythroid
Progenitor Cells
JAK2-deficient and TER 119wild type (WT) fetal liver cells are deprived of mature erythroid cells. As expected, erythroid maturation of CFU-E progenitors contained in TER 119 -WT ( Figure 1A ) and JAK2 -/fetal liver cells ( Figure 1C For personal use at PENN STATE UNIVERSITY on February 23, 2013. bloodjournal.hematologylibrary.org From numbers, suggesting that the inhibitory effect of AKT DN is not due to apoptosis.
Equal viral titers used in these experiments generated routinely similar level expression of AKT wild type and mutants in heterologous cells ( Figure 1B) . Activated AKT and Epo induced similar levels of expression of βglobin in differentiating WT progenitor cells ( Figure 1D ). Expression of βglobin gene was upregulated by two fold after 14 hours and increased with time in activated AKTtransduced progenitor cells in culture ( Figure 1E ). The degree of maturation of JAK2 -/fetal liver cells transduced with either an active AKT in the absence of Epo, or with JAK2 in the presence of Epo was comparable as judged by the upregulation of TER 119 (glycophorin A) 18 , a marker of post-CFU-E erythroid cell ( Figure 1F ), and by their morphology and Wright Giemsa staining ( Figure 1G ).
These results demonstrate that AKT supports Epo-mediated erythroid cell maturation without the need for any additional signaling protein that requires JAK2 for its activation.
AKT Induces a Signal Required for Differentiation of Erythroid Progenitor
Cells
To further determine the stage of erythroid differentiation the expression of For personal use at PENN STATE UNIVERSITY on February 23, 2013. bloodjournal.hematologylibrary.org From during the procedure GFP + cells, in average 50%, were not FACS sorted in these experiments.
